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In the title compound, C22H 17 C1N 2 02, the essentially planar 
benzimidazole ring system [maximum deviation = 0.012 (2) A] 
forms dihedral angles of 28.69 (6) and 63.65 (7)°, respectively, 
with the phenyl and chloro-substituted benzene rings. The 
dihedral angle between the phenyl and benzene rings is 
64.23 (8)°. In the crystal, molecules are linked into a zigzag 
chain along the a axis by intermolecular C— H- ■ O hydrogen 
bonds. C— H- ■ tt interactions are also present. 



fi, = 0.23 mm 
T = 100 K 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.917, 7/ maI = 0.946 

Refinement 

R[F 2 > 2a(F 2 )} = 0.048 

wR(F 2 ) = 0.127 

5 = 1.04 

5326 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



0.38 x 0.29 x 0.24 mm 



18472 measured reflections 
5326 independent reflections 
4233 reflections with / > 2a(I) 
R in , = 0.033 



245 parameters 

H-atom parameters constrained 
Ap max = 0.57 e A~ 3 
Ap mi „ = -0.31 e A~ 3 



Cgl, Cg2 and Cg3 are the centroids of the N1/C7/N2/C1/C6, C1-C6 and C8- 
C13 rings, respectively. 



D-H-A 




D-H 


H-A 


D- ■ A 


D-H-A 


C15-H15A- 


■02 1 


0.95 


2.39 


3.324 (2) 


166 


C21-H2L4- 


■cgr 


0.99 


2.63 


3.5183 (16) 


149 


C12-H12A- 


■ CgT" 


0.95 


2.96 


3.5940 (16) 


125 


C19-H19A- 


■ CgT' 


0.95 


2.60 


3.4770 (18) 


153 


Symmetry codes: (i) x 


— 1, y, z; (ii) — x - 


hl,-y, -z- 


b 1; (iii) — x, — y, — z. 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 



Related literature 

For applications of benzimidazoles, see: Tanious et at (2004); 
Townsend & Revankar (1970). For related structures, see: 
Yoon et at (2011, 2012); Kassim et at (2012). For stability of 
the temperature controller used in the data collection, see: 
Cosier & Glazer (1986). 




Experimental 

Crystal data 

C, 2 H 17 C1N 2 0 2 
M, = 376.83 
Triclinic, PI 
a = 9.3357 (2) A 
b = 9.7982 (2) A 
c = 11.7718 (4) A 



a = 107.502 (2)° 
P = 102.106 (2)° 

Y = 109.539 (1)° 

V = 908.31 (4) A 3 
Z = 2 

Mo Ka radiation 
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Ethyl 2-(4-chlorophenyl)-1 -phenyl-1 H-benzimidazole-5-carboxylate 

Yeong KengYoon, Elumalai Manogaran, Tan Soo Choon, Suhana Arshad and Ibrahim Abdul 
Razak 

Comment 

Substituted benzimidazoles are proven important drug leads. Substituted benzimidazole is the key building block for 
numerous compounds which plays crucial roles in the function of biologically important molecules (Tanious et al, 2004). 
In particular, 2-substituted benzimidazoles are recognized as potential anticancer agents (Townsend & Revankar, 1970). 
As part of our ongoing structural studies of benzimidazole derivatives (Yoon et al, 2011), we now report the structure of 
the title compound. 

In the molecular structure (Fig. 1), The benzimidazole ring system (N1/N2/C1 — CI) is essentially planar with a 
maximum deviation of 0.012 (2) A at atom CI and forms dihedral angles of 28.69 (6) and 63.65 (7)°, respectively, with 
the phenyl (C8-C13) and chloro-substituted benzene (C14-C19) ring. The dihedral angle between the phenyl ring and the 
chloro-substituted benzene ring is 64.23 (8)°. Bond lengths and angles are within normal ranges and are comparable to 
related structures (Yoon et al, 2011; Kassim et al, 2012; Yoon et al, 2012). 

The crystal packing is shown in Fig. 2. The molecules are linked into a zigzag chain along the a-axis via intermolecular 
C15 — H15A-02 (Table 1) hydrogen bonds. The crystal structure is further stabilized by intermolecular C21 — 
H21A-C&1, CI— H12A-C&2 and C19— H19A -Cgi (Table 1) interactions (Cgl, Cg2 and Cg3 are the centroids of 
N1/N2/C1/C6/C7, C1-C6 and C8-C13 rings, respectively). 

Experimental 

Ethyl 3-amino-4-(phenyl amino) benzoate (0.84 mmol) and sodium metabisulfite adduct of chlorobenzaldehyde (1.68 
mmol) were dissolved in DMF. The reaction mixture was reflux at 130 °C for 2 h. After completion, the reaction mixture 
was diluted in ethyl acetate (20 ml) and washed with water (20 ml). The organic layer was collected, dried over Na2SC>4 
and the evaporated in-vacuo to yield the product. The product was recrystallized from ethyl acetate. 

Refinement 

All H atoms were positioned geometrically (C — H = 0.95-0.99 A) and refined using a riding model with [/ iso (H) =1.2 
and 1. 5 i7e q (C). A rotating group model was applied to the methyl group. 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Broker, 2009); data reduction: SAINT (Bruker, 2009); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009). 
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Figure 1 

The molecular structure of the title compound, showing 50% probability displacement ellipsoids and the atom-numbering 
scheme. 
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Figure 2 

A crystal packing diagram of the title compound viewed along the b axis. The H atoms not involved in the intermolecular 
interactions (dashed lines) have been omitted for clarity. 

Ethyl 2-(4-chlorophenyl)-1 -phenyl-1 H-benzimidazole-5-carboxylate 

Crystal data 

C 22 H 17 C1N 2 0 2 y = 109.539 (1)° 

M r = 376.83_ K= 908.31 (4) A 3 

Triclinic, PI Z=2 

Hall symbol: -P 1 F(000) = 392 

a = 9.3357 (2) A D x = 1.378 Mg nT 3 

b = 9.7982 (2) A Mo Ka radiation, X = 0.71073 A 

c = 11.7718 (4) A Cell parameters from 7225 reflections 

a = 107.502 (2)° 6 = 2.6-30.2° 

^= 102.106(2)° ^ = 0.23mm-' 



Acta Cryst. (2012). E68, o1863 



sup-3 



supplementary materials 



T= 100 K 
Block, colourless 

Data collection 

Broker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2009) 
r mm = 0.917, r max = 0.946 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2a(F 2 )] = 0.048 

wR(F 2 ) = 0.127 

S = 1.04 

5326 reflections 

245 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



0.38 x 0.29 x 0.24 mm 



1 8472 measured reflections 
5326 independent reflections 
4233 reflections with / > 2a(I) 
^, = 0.033 

#max = 30.2°, (9 min = 1.9° 

A = -13->13 
£ = -13—13 
/ = -14_ > 16 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[cj 2 (F 0 2 ) + (0.0648P) 2 + 0.3753P] 

where P = (F 2 + 2F 2 )/3 
(A/a) max < 0.001 
Ap max = 0.57 e A" 3 
Ap min = -0.31 e A" 3 



Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat 
(Cosier & Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating .K-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


T7- *IT7 


Cll 


-0.66895 (5) 


-0.31206 (5) 


-0.07003 (4) 


0.02705 (11) 


01 


0.66316(12) 


-0.10624(12) 


0.40052 (10) 


0.0196 (2) 


02 


0.84606(13) 


0.14573 (13) 


0.46871 (11) 


0.0229 (2) 


Nl 


0.11793 (15) 


-0.10887 (14) 


0.20878 (12) 


0.0173 (2) 


N2 


0.16095 (14) 


0.14100(14) 


0.23348 (12) 


0.0158(2) 


CI 


0.31182(17) 


0.14553 (17) 


0.28366 (14) 


0.0165 (3) 


C2 


0.46660(18) 


0.26942 (17) 


0.34187 (14) 


0.0190 (3) 


H2A 


0.4848 


0.3744 


0.3520 


0.023* 


C3 


0.59248 (18) 


0.23218 (18) 


0.38427 (15) 


0.0201 (3) 


H3A 


0.6997 


0.3136 


0.4249 


0.024* 


C4 


0.56507 (17) 


0.07571 (17) 


0.36849 (14) 


0.0179 (3) 


C5 


0.41041 (18) 


-0.04706 (17) 


0.31022(14) 


0.0180 (3) 


H5A 


0.3924 


-0.1521 


0.2997 


0.022* 
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Atomic displacement parameters (A 2 ) 
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0.0090 (6) 


C20 


0.0154 (6) 


0.0198(7) 


0.0181 (7) 


0.0078 (6) 


0.0081 (5) 


0.0083 (5) 


C21 


0.0154 (7) 


0.0219 (7) 


0.0198 (7) 


0.0097 (6) 


0.0049 (5) 


0.0081 (6) 


C22 


0.0282 (8) 


0.0247 (8) 


0.0256 (8) 


0.0139(7) 


0.0083 (7) 


0.0110(6) 



Geometric parameters (A, °) 


Cll— Cll 


1.7393 (15) 


C10— Cll 


1.394 (2) 


01— C20 


1.3440(17) 


C10— H10A 


0.9500 


01— C21 


1.4466(17) 


Cll— C12 


1.386 (2) 


02— C20 


1.2101 (18) 


C12 — C13 


1.391 (2) 


Nl— C7 


1.3186(18) 


C12— H12A 


0.9500 


Nl— C6 


1.3858 (19) 


C13— H13A 


0.9500 


N2— CI 


1.3885 (17) 


C14— C19 


1.389 (2) 


N2— C7 


1.3916(18) 


C14— C15 


1.390 (2) 


N2— C14 


1.4359 (17) 


C15— C16 


1.391 (2) 


CI— C2 


1.394 (2) 


C15— H15A 


0.9500 


CI— C6 


1.4057 (19) 


C16— C17 


1.390 (2) 


C2— C3 


1.383 (2) 


C16— H16A 


0.9500 


C2— H2A 


0.9500 


C17— C18 


1.386 (2) 


C3— C4 


1.413 (2) 


C17— H17A 


0.9500 


C3— H3A 


0.9500 


C18— C19 


1.395 (2) 


C4— C5 


1.389 (2) 


C18— H18A 


0.9500 


C4— C20 


1.4923 (19) 


C19— H19A 


0.9500 


C5— C6 


1.3985 (19) 


C21— C22 


1.503 (2) 


C5— H5A 


0.9500 


C21— H21A 


0.9900 


C7— C8 


1.471 (2) 


C21— H21B 


0.9900 


C8— C13 


1.3990(19) 


C22— H22A 


0.9800 


C8— C9 


1.403 (2) 


C22— H22B 


0.9800 


C9— CIO 


1.384 (2) 


C22— H22C 


0.9800 


C9— H9A 


0.9500 







C20— 01— C21 


115.83 (11) 


Cll— C12- 


-H12A 


120.3 


C7— Nl— C6 


105.12 (12) 


C13— C12- 


-H12A 


120.3 


CI— N2— C7 


106.08(11) 


C12— C13- 


-C8 


120.38 (14) 


CI— N2— C14 


124.39 (12) 


C12— C13- 


-HI 3 A 


119.8 


C7— N2— C14 


129.30(12) 


C8— C13- 


-HI 3 A 


119.8 


N2— CI— C2 


131.98 (13) 


C19— C14- 


-C15 


121.23 (13) 


N2— CI— C6 


105.41 (12) 


C19— CM- 


-N2 


119.15 (13) 


C2— CI— C6 


122.60 (13) 


CIS— CM- 


-N2 


119.61 (13) 


C3— C2— CI 


116.80(13) 


CM— C15- 


-C16 


118.77(14) 


C3— C2— H2A 


121.6 


C14— C15- 


-H15A 


120.6 
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Cl — C2 — H2A 
C2— C3— C4 
C2 — C3 — H3A 
C4— C3— H3A 
C5— C4— C3 
C5— C4— C20 
C3— C4— C20 
C4— C5— C6 
C4— C5— H5A 
C6— C5— H5A 
Nl— C6— C5 
Nl— C6— Cl 
C5— C6— Cl 
Nl— Cl— N2 
Nl— Cl— C8 
N2— C7— C8 
C13— C8— C9 
C13— C8— Cl 
C9— C8— Cl 
CIO— C9— C8 
CIO— C9— H9A 
C8— C9— H9A 
C9— CIO— Cll 
C9— CIO— HI OA 
Cll— CIO— HlOA 
C12— Cll— CIO 
C12— Cll— Cll 
CIO— Cll— Cll 
Cll— C12— C13 



121.6 

121.44(14) 

119.3 

119.3 

121.36(13) 
120.65 (13) 
117.98(13) 
117.73 (13) 
121.1 
121.1 

129.46 (13) 
110.46(12) 
120.07 (13) 
112.93 (12) 
121.50(13) 
125.57 (12) 
118.95 (13) 
124.14(13) 
116.79(12) 
121.07(13) 
119.5 
119.5 

118.76(14) 

120.6 

120.6 

121.37(14) 
119.89(11) 
118.73 (12) 
119.42(13) 



C16— C15— H15A 
C17— C16— C15 
C17— C16— H16A 
C15— C16— H16A 
C18— C17— C16 
C18— C17— H17A 
C16— C17— H17A 
C17— C18— C19 
C17— C18— H18A 
C19— C18— H18A 
C14— C19— C18 
C14— C19— H19A 
C18— C19— H19A 
02— C20— 01 
02— C20— C4 
01— C20— C4 
01— C21— C22 
01— C21— H21A 
C22— C21— H21A 
01— C21— H21B 
C22— C21— H21B 
H21A— C21— H21B 
C21— C22— H22A 
C21— C22— H22B 
H22A— C22— H22B 
C21— C22— H22C 
H22A— C22— H22C 
H22B— C22— H22C 



120.6 

120.81 (14) 

119.6 

119.6 

119.67(14) 

120.2 

120.2 

120.38 (15) 

119.8 

119.8 

119.13 (14) 

120.4 

120.4 

123.55 (13) 

124.85 (13) 

111.60(12) 

106.27 (12) 

110.5 

110.5 

110.5 

110.5 

108.7 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 



C7— N2— Cl— C2 
C14— N2— Cl— C2 
C7— N2— Cl— C6 
C14— N2— Cl— C6 
N2— Cl— C2— C3 
C6— Cl— C2— C3 
Cl— C2— C3— C4 
C2— C3— C4— C5 
C2— C3— C4— C20 
C3— C4— C5— C6 
C20— C4— C5— C6 
C7— Nl— C6— C5 
C7— Nl— C6— Cl 
C4— C5— C6— Nl 
C4— C5— C6— Cl 
N2— Cl— C6— Nl 
C2— Cl— C6— Nl 
N2— Cl— C6— C5 
C2— Cl— C6— C5 



-178.88 (15) 
-4.0 (2) 
-0.11 (15) 
174.80 (13) 
178.50 (15) 
-0.1(2) 
0.3 (2) 
-0.3 (2) 
-179.22(14) 
-0.1(2) 
178.85 (13) 
179.06(15) 
-0.26 (16) 
-178.95 (14) 
0.3 (2) 
0.23 (16) 
179.15 (13) 
-179.16(13) 
-0.2 (2) 



C13— C8— C9— CIO 
C7— C8— C9— CIO 
C8— C9— CIO— Cll 
C9— CIO— Cll— C12 
C9— CIO— Cll— Cll 
CIO— Cll— C12— C13 
Cll— Cll— C12— C13 
Cll— C12— C13— C8 
C9— C8— C13— C12 
C7— C8— C13— C12 
Cl— N2— C14— C19 
C7— N2— C14— C19 
Cl— N2— C14— C15 
C7— N2— C14— C15 
C19— C14— C15— C16 
N2— C14— C15— C16 
C14— C15— C16— C17 
C15— C16— C17— C18 
C16— C17— C18— C19 



-1.5 (2) 
-177.72 (13) 
2.2 (2) 
-1.1(2) 
177.86(11) 
-0.8 (2) 
-179.71 (11) 
1.5 (2) 
-0.4 (2) 
175.52 (13) 
65.11 (19) 
-121.21 (16) 
-114.00(16) 
59.7 (2) 
-0.6 (2) 
178.49(13) 
0.8 (2) 
-0.1 (2) 
-0.8 (2) 
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f ' c XT1 /~"7 TvTO 

Co — JN 1 — C7 — JNz 


A 1 A / 1 

0.19 (16) 


C15— C14— C19— C1E 




A 1 /T\ 

-0.3 (2) 


Co — Nl — C7 — C8 


1 Hf\ OA /1 1\ 

179.89 (13) 


N2— CI 4— CI 9— C18 




1 HC\ A 1 { 1 A \ 

-179.41 (14) 


f~*1 TVTO /^"7 TVT1 

LI — N2 — C7 — N 1 


-0.05 (16) 


C17— C18— C19— C14 


1 A /1\ 

1.0(2) 


f~* 1 /I TVTO /^"7 TVT1 

C 1 4 — N 2 — C 1 — N 1 


-174.62 (13) 


C21— 01— C20— 02 




-0.5 (2) 


n n? T7 rs 


— 1 7Q IT, (\ V\ 


C21— 01— C20— C4 




1 7Q 1 f> C1 1\ 


C14— N2— C7— C8 


5.7 (2) 


C5— C4— C20— 02 




178.84(15) 


Nl— C7— C8— C13 


-149.37 (15) 


C3— C4— C20— 02 




-2.2 (2) 


N2— C7— C8— C13 


30.3 (2) 


C5— C4— C20— 01 




-0.83 (19) 


Nl— C7— C8— C9 


26.6 (2) 


C3— C4— C20— 01 




178.10(13) 


N2— C7— C8— C9 


-153.74(14) 


C20— 01— C21— C22 




-175.16 (12) 


Hydrogen-bond geometry (A, °) 










Cgl, Cg2 and Cg3 are the centroids of the N1/C7/N2/C1/C6, C1-C6 and C8-C13 rings, respectively. 






D—R-A 


D — H 


R-A 


D-A 


D—U-A 


C15— H15^-02 i 


0.95 


2.39 


3.324 (2) 


166 


C21— H2U-Cgl u 


0.99 


2.63 


3.5183 (16) 


149 


C12— R12A-Cg2 il1 


0.95 


2.96 


3.5940 (16) 


125 


C19—m9A-Cg3>" 


0.95 


2.60 


3.4770 (18) 


153 



Symmetry codes: (i) x-\,y, z; (ii) -x+ 1 , -y, -z+ 1 ; (iii) -x, -y, -z. 
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